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Concentrations of tissue proteins are affected by alterations in dietary proteins and age. These changes in protein metabolism may be reflected in the rate of protein synthesis and polyribosomal profile of the endoplasmic reticulum, especially in the liver and muscle (1) (2) (3) (4) (5) (6) (7) . Several investigations indicate that protein synthesis in the brain is also sensitive to the perturbation of dietary amino acid composition (8, 9 ) and the internal environment (10) in young rats.
For the effect of age on tissue protein synthesis, many investigators reported that protein synthesis declined in specific tissues (e. g., liver or muscle) and the whole body throughout development in mammals after weaning (11) (12) (13) (14) . We demonstrated that the rate of protein synthesis in the brain decreased with age in rats after weaning (15). In older rats, though we reported that protein synthesis in the brain depended on the quantity of dietary protein (16), little documentation of the effect of dietary protein quality on brain protein synthesis is available. Therefore, the purpose of our study was to determine whether the quality of dietary protein affects brain protein synthesis in aged rats. In our previous report (9) , a positive correlation between the rate of protein synthesis and RNA activity was found in the brain when the quality or quantity of dietary protein was manipulated. However, the reduction in protein synthesis in the brain with age was related to a fall in the RNA concentration (15). Two questions were considered in the present study: 1) Whether the quality of dietary protein might affect brain protein synthesis in aged rats, and 2) whether greater RNA concentration or RNA activity in rats fed a higher quality protein resulted in a greater protein synthesis rate in the brain than those in rats fed the lower quality protein. Therefore, we examined three indicators of protein synthesis in rat brains: its rate, RNA concentration and RNA activity. The effects of quality of dietary protein on protein synthesis in the liver and kidney were also investigated in aged rats. In a previous report (9) , 20% casein, 20% gluten and 20% gelatin diets and a 10-d feeding period were chosen to investigate the effect of dietary protein quality on brain protein synthesis rate in weaned rats. Then, there were differences among the protein synthesis rates of several brain regions. Thus, in the present experiment, in order to make a comparison with these results, we used the same experimental conditions as described above, and measured the rates of protein synthesis in the cerebral cortex, cerebellum, hippocampus and brain stem since the function and protein metabolism might be affected by aging and dietary protein quality. HCl was evaporated to dryness, and the amino acids were dissolved in citrate buffer (pH 6.3). The determination of the specific radioactivity of [3H]phenylalanine involved its enzymatic conversion into phenethylamine, followed by a count of radioactivity (LS 5000TD, Beckman Japan, Tokyo, Japan) and fluorometric deter mination (F-3000, Hitachi, Tokyo, Japan) (21). In a preliminary experiment, we determined whether the method of Garlick et al (17) could be used to measure the rate of protein synthesis in the brain under our experimental conditions. Specific radioactivities of free phenylalanine in the plasma, cerebral cortex and cerebellum of rats in the three groups were constant in each tissue ( Table 2) . The values were also not significantly different among the plasma, cerebral cortex and cerebellum, indicating that the precursor pool of labeled phenylalanine was not altered. In our previous report (9) , the decrease in labeling of free phenylalanine at 3, 5 and 10min in the brain was not significant after the injection of a large dose of [3H] phenylalanine. Therefore, the protein synthesis rates for brain regions, liver and kidney were calculated for animals sacrificed at a single time point of 10min after intravenous administration of the radioisotope. Statistical analysis. The means and pooled SEM are reported. Duncan's multiple range test was used to compare means after one-way ANOVA (22, 23). Linear regression analysis was used to assess the relationship between the rate of protein synthesis and RNA activity (23). Differences were considered significant at p<0.05. In the hippocampus and brain stem, the rates of protein synthesis were determined from a pool of each region.
RESULTS
The rats fed the 20% gelatin diet gained less body weight and had less food intake than the other two groups, which did not differ ( Table 3 ). The relative weights of the kidney and brain regions were not different among the three groups. Compared with the rats fed the 20% casein diet, rats fed the 20% gelatin or 20% gluten diet had relative liver weights which were significantly lower.
The fractional rates of protein synthesis (Ks) in the liver, kidney and some brain regions, such as cerebral cortex and cerebellum, declined gradually with the decreasing quality of the dietary protein (Table 4 ). In the hippocampus and brain stem, these rates tended to be lower with each decrease in dietary protein. (Table  5) .
DISCUSSION
In aging research for changes in brain composition and function (e. g ., nutrient metabolism), much work is necessary to understand the modulating effects of nutritional factors (24). The amino acid supply has been shown to be important for neuronal protein synthesis in the brain (25). Beverly et al (8) reported an apparent elevation in the protein synthesis of the prepyriform cortex in rats fed an imbalanced diet after application of the dietary limiting amino acid. In previous studies, we found that protein synthesis in the brain decreased with the decrease in dietary protein in weaned and aged rats, and that it also declined with age (9, 15, 16). However, little information is available regarding the effect of quality of dietary protein on brain protein synthesis in aged rats. Therefore, the elucidation of the possible roles of the quality of dietary protein on brain protein synthesis in older rats was of nutritional interest. We assumed that brain protein synthesis also decreased with the decrease in the quality of dietary protein in aged rats.
In the brain regions, the fractional rates of protein synthesis declined with the decrease in dietary protein quality (Table 4 ). In the present study, the changes in the rate of brain protein synthesis were considered to depend on the quality of dietary protein as previously demonstrated in the brain regions of young rats (9) . In weaned rats, a reduction of protein synthesis in the brain and muscle with age was related to a fall in RNA concentration (14, 15). However, the positive correlation between the rate of protein synthesis and RNA activity was found in the brain of weaned rats when the dietary quality and quantity of protein were manipulated (9) . Hormonal treatment such as insulin also appeared to elevate the rate of protein synthesis and RNA activity in the brain (26). In the brain regions of rats in the present study, RNA activity, rather than RNA concentration, decreased with the decrease in dietary protein quality ( Table 5 ). The lower RNA activity in rats fed the 20% gelatin or 20% gluten diets may reduce the rate of brain protein synthesis in these groups. Therefore, the changes in dietary protein quality may have controlled RNA activity and been one of the factors affecting brain protein synthesis in aged rats. Little information on the mechanism by which the dietary protein affects RNA activity in the brain of aged rats is available. We also reported that the aggregation of polyribosomes in the brain of weaned rats after only 5-h feeding decreased with the decrease in dietary protein quality, and that a correlation between the polysomal profile and RNA activity was observed (9) . Saito et al (27) measured the polypeptide chain assembly time in order to understand the mechanism of decreased hepatic protein synthesis in rats fed a protein-free diet, and demonstrated that protein depletion caused a depression in the polypeptide elongation rate. Measurement of the ribosomal aggregation and polypeptide elongation rate in the brain should be included in further studies of the effect of dietary protein quality on brain protein synthesis in older rats.
The masses of the brain regions were unaffected by dietary protein, yet the fractional rates of protein synthesis declined with the reduction in protein quality in the present experiment (Tables 3 and 4) . These results may suggest that protein degradation in the brain was also reduced with the reduction of dietary protein quality in aged rats, though the role of protein degradation in maintaining the brain mass remains unknown under physiological conditions (16, 28). This is another possibility to consider in further examination of the mechanism by which the dietary protein alters brain protein metabolism. In the present study, the fractional rates of protein synthesis and RNA activity in the liver and kidney gradually declined with the decrease in dietary protein quality (Tables 4 and 5 ). The same pattern was found for livers in young rats given different qualities or quantities of protein (9) . These observations suggested that in vivo protein synthesis in the liver and kidney also depended on the quality of dietary protein in aged rats, and that the reduction in RNA activity associated with the status of protein ingestion was correlated with the decrease in protein synthesis rate M KOIE et al in these organs. Changes in body structure and function occur with age (29). For example, it has generally been suggested that there is neuronal loss with age (24). However, relatively insufficient information on environmental factors (e. g., nutrition) that moderate the molecular mechanism responsible for the changes is available. In particular, Rowe and Kahn (30) argued that the modifying effects of diet have been underestimated in aging research. Therefore, the present results indicate that brain protein synthesis was affected by the dietary protein quality in aged rats as evaluated by the protein synthesis rates, and suggest that this possible effect of dietary protein on brain protein synthesis in aged rats is also of importance in order to understand the reciprocity among nutrition, aging and brain functions in mammals. 13) 
